Worldwide, co-infection with visceral leishmaniasis (VL), caused by protozoan parasites of the Leishmania donovani complex ( L. infantum , L. donovani ), and human immunodeficiency virus (HIV) is increasingly becoming an important health threat. High rates of VL/HIV co-infection have been reported from Ethiopia 1-3 and the Mediterranean basin. 4 Leishmania infantum /HIV co-infection with atypical disseminated cutaneous leishmaniasis (CL) has become a common health problem in the latter region. [5] [6] [7] [8] Although the incidence of HIV/VL co-infection is increasing, disseminated CL caused by L. donovani infection has not yet reported for patients from Ethiopia with HIV/VL co-infection. 3, 9, 10 Generally, disseminated CL caused by infection with parasites of the L. donovani complex is clinically characterized by large (usually ≥ 10) number of cutaneous lesions at several body sites (head, limbs, and trunk) and normally responds well to antimonial therapy. 5, 7, 11 However, these clinical symptoms are non-specific and resemble those of post-kala-azar dermal leishmaniasis (PKDL), lepromatous leprosy, and diffuse cutaneous leishmaniasis, an anergic variant of leishmaniasis caused by L. aethopica infection. These diseases are all endemic to Ethiopia. It is even more difficult to clinically delineate disseminated CL from another uncommon form of dermatosis, para-kala-azar dermal leishmaniasis (PKDL/VL), 12,13 when the patients have multiple nodular and non-ulcerated lesions without a history of VL. 12 To diagnose disseminated CL in HIV-positive VL patients appropriately, molecular characterization of Leishmania strains isolated from reticulo-endothelial sites and other sites, such as skin lesions, of the same patients is, together with a refinement of clinical, immunologic, and virologic criteria, important for prompt treatment of patients and for providing an optimal treatment regimen. Therefore, we analyzed Leishmania para-sites isolated from the viscera and skin lesions of three HIV co-infected patients with concomitant VL by using the most discriminatory approach currently available for Leishmania strain typing, multilocus microsatellite typing (MLMT). We show the diagnostic dilemma to clinically recognize disseminated CL in HIV/AIDS patients with VL.
Abstract. We report paired strains of Leishmania parasites, one from the viscera and the other from skin lesions that were isolated from three patients with visceral leishmaniasis and disseminated cutaneous leishmaniasis that were co-infected with human immunodeficiency virus. The causative parasites were characterized by polymerase chain reaction-restriction length polymorphism of the ribosomal DNA internal transcribed spacer 1 and by a panel of multilocus microsatellite markers. We demonstrated that the causative agent was Leishmania donovani in all cases, irrespective of the phenotype of the disease. The paired strains from viscera and skin lesions of the same patients showed genetic identity across the 14 microsatellite markers investigated. These findings demonstrate that the skin lesions in these human immunodeficiency virus-positive patients with visceral leishmaniasis were caused by dissemination of viscerotropic L. donovani parasites as a consequence of severe immunosuppression. However, in all three patients, rapid clearance of the skin lesions was observed after antimonial therapy.
was treated with anti-TB therapy. He was also treated with sodium stibogluconate (SSG) (Albert David, Kolkota, India), 20 mg/kg for 30 days, for leishmaniasis. Standard antiretroviral therapy (ART) was delayed because he had repeated vomiting caused by the anti-TB medications. However, no side effects of SSG were observed during treatment. The skin lesions significantly decreased in size and the clinical response was good.
Case-patient 2. A 39-year-old man was treated for primary VL in 2006. Subsequently, he was treated for three episodes of VL relapse in 2007, 2008, and 2009. He had been treated with ART, initially stavudine, lamuvidine, and efavirenz, for the last two years and four months since his first hospitalization. One month before his current admission to LRTC at the University of Gondar on January 10, 2010 (i.e., after receiving ART for 27 months), ART was replaced with a second-line regimen of tenofovir, abacavir, and lopinavir/ritonavir because his CD4 cell count had not increased. His baseline CD4 cell count at the time of ART initiation was 25 cells/mm 3 ; and subsequent counts were 99 cells/mm 3 and 78 cells/mm 3 after 12 and 16 months of ART, respectively, and 53 cells/mm 3 after 27 months of ART.
The patient came to the LRTC with fever, easy fatigability, and increased left upper quadrant swelling of three months duration. On examination, he was febrile, malnourished, and had a body mass index of 13 kg/m 2 . He had conjunctival pallor, submandibular lymphadenopathy, and hepatosplenomegaly. He also had nodular skin lesions that were distributed over the lower leg ( Figure 2 ) and shoulder regions. Parasitologic examination of spleen aspirates and scrapings from skin lesions showed high parasitic load (5+ parasitaemic grade: 10-100 amastigotes/microscopic field). Specimens from the spleen and skin were inoculated separately into NNN media under aseptic conditions.
With a diagnostic impression of a fourth relapse of VL and cutaneous involvement, he was treated with SSG, 20 mg/kg, and ART was continued. After 17 days of therapy, his clinical condition worsened although the skin lesions decreased significantly. The SSG treatment was discontinued and he was then treated with liposomal amphotericin B (AmBisome ® ; Gilead Sciences, Dublin, Ireland), 3 mg/kg, in spite of the absence of clinical or laboratory evidence of side effects to SSG. Despite all the efforts, the patient left the hospital against medical advice and his final outcome is not known.
Case-patient 3. A 32-year-old man was diagnosed with World Health Organization stage IV HIV infection (generalized lymphadenopathy, oral candidiasis, chronic diarrhea, herpes zoster vesicles) before admission in Tikur Anbessa Specialized Hospital in Addis Ababa, Ethiopia. The patient was receiving prophylaxis for Pneumocystis jiroveci pneumonia and ART (stavudine, lamuvidine, and efavirenz) for 9 months before admission, and had a baseline CD4 cell count of 40 cells/mm 3 .
When referred to Tikur Anbessa Specialized Hospital, the patient had fever, generalized lymphadenopathy, hepatosplenomegally, abdominal discomfort, and loss of body weight (7 kg). He also had multiple papular skin lesions over the face ( Figure 3 ), which emerged six months after beginning treatment with ART. The patient had never received treatment for TB and leishmaniasis. Disseminated TB was ruled out by chest radiograph, abdominal sonography for possible intraabdominal lymphadenopathy, and an acid fast test for mycobacteria. Lymphoma was excluded on the basis of total blood cell counts determined with a bone marrow aspirate. Visceral leishmaniasis and CL were first diagnosed clinically.
Subsequent laboratory investigations confirmed the
Leishmania infection in bone marrow aspirates by smear (4+ parasitaemic grade: 1-10 parasites/microscopic field), NNN culture, and in skin lesion scrapings (NNN culture). The patient was then treated with Glucantime ® (Specia, Paris, France), 20 mg/kg of body weight for 30 days. The CD4 cell count at the time of diagnosis of VL and disseminated cutaneous lesions was 93 cells/mm 3 . At the end of the treatment, his skin was clear of lesions and he was discharged cured of VL. He had a barely palpable spleen, although there was only a small change in liver size. Both ART and PCP prophylaxis were continued. Assessment of the CD4 cell count after 27 days of treatment with Glucantime ® showed a CD4 cell count of 151 cells/mm 3 . This patient is currently on close follow-up.
MOLECULAR CHARACTERIZATION OF STRAINS
Genomic DNA was extracted from cultured promastigotes of the six isolates obtained from the three patients with HIV/ acquired immunodeficiency syndrome (HIV/AIDS) by using the classical phenol-chloroform method. 15 For species identification, the ribosomal DNA internal transcribed spacer 1 (ITS1) was amplified and subjected to restriction fragment length polymorphism (RFLP) analysis with Hae III. 16 The PCR-RFLP analysis of ITS1 showed that the species present in viscera and skin lesions of HIV/VL patients was L. donovani .
We further investigated the microsatellite profiles of the six isolates across 14 unlinked microsatellite markers. 17 In addition, we included the microsatellite profile of one strain (MOHM/ET/2008/DM-309) isolated from a skin lesion of a patient in Ethiopia with VL/PKDL. 12 For this patient, there was not enough DNA for analysis of the 14 microsatellite loci. Therefore, before microsatellite typing, we performed whole genome amplification for this strain by using the Illustra™ Genomiphi TMV2 DNA Amplification Kit (GE Healthcare, Piscataway, NJ) following the manufacturer's instructions with slight modifications. As shown in Table 1 , the microsatellites profiles of the paired strains obtained from three cases described in this report were identical across all 14 microsatellite loci.
To check the association between a particular parasite genotype and the different disease phenotypes, microsatellites profiles obtained from those seven strains were compared with previously characterized MLMT profiles of 27 L. donovani strains isolated from VL cases in Ethiopia (n = 24) and Sudan (n = 3) and of strains isolated from six PKDL patients from Kenya (n = 2) and Sudan (n = 4) 17, 18 ( Figure 4 ). For this analysis, a microsatellite-based distance matrix was generated by using MSA version 3.0. 19 Neighbor-joining trees were then constructed from the resulting matrix by using POPULATIONS version 1.2.28 ( http://bioinformatics.org/~tryphon/populations and MEGA version 3.1, 20 with bootstrap values (1,000 replicates) as described. 18 The 7 strains from Ethiopian HIV/AIDS patients with cutaneous involvement and PKDL strains from other countries in eastern Africa did not belong to a particular L. donovani population, subpopulation, or cluster, but were interspersed in the tree ( Figure 4 
DISCUSSION
Infections with protozoan parasites of the genus Leishmania can cause a broad spectrum of syndromes, ranging from simple self-healing CL to the most fatal visceral form depending on the parasite species and the immunogenetic background of the infected persons. In the Americas, mainly in Brazil, disseminated CL caused by L. braziliensis , L. guyanensis , and L. amazonensis is an emerging common health problem in non-immunocompromised persons. 21, 22 In severely immunosuppressed patients, such as those with HIV/AIDS, clinical manifestations of Leishmania infections can be atypical. Dermatotropic species can visceralize 23, 24 and viscerotropic species can disseminate from reticulo-endothelial sites to the skin and cause disseminated CL. 5-8, 11, 25, 26 In Ethiopia, three dermatotropic species, L. major , L. tropica , and L. aethopica may cause disseminated CL in immunosuppressed patients. Using ITS1 PCR-RFLP and MLMT, we ruled out the possibility that multiple cutaneous lesions seen in our patients were associated with these dermatotropic species.
In our patients, L. donovani were identified in specimens obtained from skin lesions and viscera. Molecular characterization by MLMT of L. donovani parasites from these two body sites showed that they were genetically identical. Multiple lesions of our patients resembled the dissemination of VL caused by L. infantum seen in HIV-co-infected patients from the Mediterranean basin 8, 25 which have symptoms of VL, such as splenomegaly and fever, in addition to skin lesions. Thus, on the basis of clinical history and signs and molecular typing of paired strains from the viscera and skin, all of our patients were diagnosed as cases of VL and disseminated CL.
In HIV/VL co-infected patients who have received ART and showed evidence of immune reconstitution, multiple lesions could also be clinically recognized as PKDL/VL associated with inflammatory syndrome (IRIS). However, until now, there are no clear clinical or laboratory criteria to define IRIS in leishmaniasis patients. 27 Case-patient 1 had never received ART. Thus, the appearance of multiple cutaneous lesions with high parasite load is more likely to be related to a dissemination of hematogenous L. donovani parasites because of immune failure. Immunosuppressed patients are not able to mount an efficient T cell response for controlling Leishmania infections. 4 Conversely, case-patient 2 had been receiving ART and was treated with SSG for VL but relapsed several times before the first onset of skin lesions. Clinical follow-up of this patient suggested the absence of immune reconstitution after initiation of ART. This finding and identification of high parasite load and genetically identical L. donovani in viscera and skin lesions led us to consider this patient as a case of VL with disseminated CL caused by severe immunosuppression (CD4 cell count < 200 cells/mm 3 ).
Case-patient 3 could be considered as a case of VL and disseminated CL or PKDL/VL associated with IRIS. The main reasons for this diagnosis are a low CD4 cell count (< 50 cells/mm 3 ) before initiation of ART, first appearance of skin lesions after six months of ART, and identification of genetically identical L. donovani parasites isolated from viscera and skin lesions. 12, 28 However, an increase of CD4 T cells from 40 to 93 cells/mm 3 cannot signify an immune reconstitution or even an increase in lymphocyte effector function in this patient. Thus, this patient is most likely a case of VL with disseminated CL like the first two cases. This diagnosis is further substantiated by the high parasite load in skin lesions and bone marrow aspirate.
Rapid clearance of skin lesions was achieved after antimonial therapy in all three of our HIV-L. donovani coinfected patients. This finding is consistent with those of reports 5, 7, 29 about treatment of Disseminated CL cases with HIV-L. infantum co-infection. Such successful treatment of Table 1 Microsatellite profiles of Leishmania donovani strains isolated from the viscera and the skin lesions of four patients co-infected with visceral leishmaiasis and human immunodeficiency virus * lesions described in present and previous studies could be related to the good skin penetration of antimony. 30 In the Mediterranean basin, biochemical differences were observed between dermatotropic and viscerotropic isolates of L. infantum . 31 However, other studies in different Mediterranean countries 32, 33 showed that this association was not absolute. Only some zymodemes were exclusively isolated from CL cases whereas others, including the predominating zymodeme MON1, were found to cause VL and CL. A study in Sudan that used the cytochrome oxidase II gene for molecular characterization of Leishmania isolates obtained from a case of mucosal leishmaniasis suggested that parasites invading the oral mucosa are distinct from parasites causing VL, perhaps representing a different subspecies of the L. donovani complex. 34 However, by using the most polymorphic markers, microsatellites, we did not observe any genetic differences in paired L. donovani isolates from cutaneous lesions and viscera of the same HIV/AIDS patients.
Bayesian statistical analysis and distance-based analyses showed that genetic clustering of L. donovani strains from Ethiopia does not correlate with disease phenotype. All strain pairs from the viscera and skin lesions and one strain from a patient with of PKDL/VL represented distinct MLMT types and were assigned to the NE/SD population previously identified, albeit to different sub-populations. This finding points to the absence of any correlation between disease phenotypes (disseminated CL with concomitant VL, PKDL/VL, VL, PKDL) and genotypes of L. donovani from Ethiopia, and supports findings of studies in Sudan 35, 36 and the Indian subcontinent. 37 This finding could suggest that host immunogenetic background is important for predicting whether PKDL or disseminated CL will develop in L. donovani -infected persons. 38, 39 In conclusion, our study shows that L. donovani is the causative agent of the disseminated CL cases described herein, and that strains isolated from disseminated skin lesions and viscera of the same patient during the VL episode are genetically identical. However, we cannot conclusively rule out the possibility that these cases are PKDL/VL. 29 PKDL is thought to be uncommon in HIV/AIDS patients and so far only a few cases of PKDL in HIV-positive patients have been reported from other foci. 4, [40] [41] [42] However, in Ethiopia, PKDL is reported to be more common in HIV-positive patients than in HIV-negative VL patients. 43 This finding is controversial but severity of immunosuppression in these patients is unknown because CD4 cell counts were not reported.
It is now increasingly believed that PKDL is associated with increased T cell responses to the parasites, which lead to inflammation. 27, [44] [45] [46] [47] [48] [49] In our patients, we observed consistently low CD4 cell counts and high parasitic loads in splenic and bone marrow aspirates and skin lesions, which suggestes that immunosuppression enables the parasites to multiply in the periphery. Therefore, we prefer to consider the cases described herein as cutaneous dissemination of visceral disease. Nevertheless, with the global increase of co-infections, we recommend studies that address clinical, immunologic, and molecular parameters that can be used as criteria to differentiate disseminated CL from PKDL in patients with advanced immunosuppression with HIV/VL co-infection.
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